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S U M M A R Y
Background: The purpose of this study was to determine the association of potential risk factors to the
spread and maintenance of the highly pathogenic avian inﬂuenza (HPAI) H5N1 virus in poultry and
humans at the district level in West Java Province, Indonesia.
Methods: The association of demography and environmental risk factors including poultry density,
human density, road density, percentage of paddy ﬁeld, and percentage of swamp, dyke and pond with
both HPAI human cases andHPAI outbreaks in poultrywere assessed using a descriptive epidemiological
design. We also assessed the association of HPAI outbreaks in poultry with HPAI human cases. Poisson
regression (generalized linear modeling and generalized estimating equations) was used to analyze the
data corrected for over-dispersion.
Results: There were 794 HPAI outbreaks in poultry covering 24 of the 25 districts in our study during
2003–2008 and 34 HPAI human cases involving 12 districts during 2005–2008. We found that two risk
factors – poultry density and road density – had a statistically signiﬁcant correlation with the number of
HPAI outbreaks in poultry. The number of poultry outbreaks had a negative association with poultry
density (29% effect) and a positive associationwith road density (67% effect). The number of human cases
was signiﬁcantly associated with the number of poultry outbreaks (34% effect), but with none of the
other risk factors considered.
Conclusions: We conclude that the most effective way to prevent human HPAI cases is to intervene
directly in the poultry sector. Our study further suggests that implementing preventive measures in
backyard chicken farming and limiting transport of live poultry and their products are promising options
to this end.
 2010 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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In August 2003, an outbreak of the highly pathogenic avian
inﬂuenza (HPAI) H5N1 virus occurred in poultry in Indonesia.1 In
response, the government implemented veterinary interventions
by enhancing biosecurity actions, vaccinating all poultry and
instigating culling. Measures were also taken to prevent and
control HPAI in humans by providing antiviral medication,
referring cases, providing facilities and infrastructure for case
handling in hospitals, formulating standard operating procedures
for managing cases, and training healthcare workers.2 However,
the HPAI virus continued to spread, becoming endemic in several
provinces. Until January 2009, there were 141 conﬁrmed human
cases in Indonesia, of which 115 were fatal.3 There is currently a
need for more targeted prevention and control measures.* Corresponding author. Tel.: +62 811 110 7316; fax: +62 21 756 0466.
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doi:10.1016/j.ijid.2010.03.014One study in Indonesia showed that 76% of human HPAI cases
were proven to be associated with poultry contact.4 Other studies
in Thailand, Vietnam, and China have suggested the association of
human infection and poultry outbreaks with several risk factors,
including demographic characteristics of humans and animals, i.e.,
human density and poultry density,5,6 as well as environmental
factors, i.e., the percentage area covered by paddy ﬁeld5,7 and
water sources,7 and transportation.8 Nevertheless, in Indonesia
several questions regarding the association of these various risk
factors to the spread and maintenance of the HPAI virus remain
unanswered.
The objective of this study was to investigate the association of
potential risk factors of the spread and maintenance of the HPAI
virus in poultry and humans. We examined the human HPAI cases
and HPAI outbreaks in poultry in West Java Province, Indonesia,
over a certain period of time per district. This province was chosen
because it had the best data available, the highest number of
human HPAI cases, and the largest population of humans and
poultry in Indonesia.3,9ses. Published by Elsevier Ltd. All rights reserved.
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2.1. Data collection
West Java Province in Indonesia consists of 26 districts
(including nine cities, which are regarded as separate districts).
In our study we considered 25 districts, because the district
Bandung Barat was only established as a new district in 2008. Data
on poultry outbreaks between November 1, 2003, and December
31, 2008, were obtained from the Provincial Livestock Ofﬁce of
West Java Province. Participatory disease surveillance and
response (PDSR) teams established by the Food and Agriculture
Organization (FAO) of the World Health Organization (WHO), the
Ministry of Agriculture of Indonesia, and local government
supported the data collection from January 2006.10 PDSR teams
interviewed farmers in search of evidence of clinical outbreaks
consistent with HPAI in poultry using a clinical outbreak deﬁnition
that included sudden death and high mortality. When active
outbreaks were encountered for which severely sick birds or
recently deceased carcasses were present, the PDSR teams carried
out an inﬂuenza type A rapid test. The PDSR teams were equipped
with handheld global positioning system (GPS) devices to assess
the exact location of the visit. A poultry outbreak was deﬁned by
conﬁrmed infection of HPAI in one ﬂock of poultry and at one point
in time. Up until December 2008, there were 794 outbreaks in
poultry covering 24 of the 25 districts in our study.
Information on the number and location of human HPAI cases
was retrieved from the WHO website (http://www.who.int/csr/
don/2009_01_22/en) and classiﬁed according to the WHO H5N1
case deﬁnition.11 There were 34 human HPAI cases in West Java
Province from the beginning of 2005 to the end of 2008, the highest
number of all provinces in Indonesia. We recorded the number of
poultry outbreaks and human cases per district and per year.
Risk factors considered in this study were poultry density,
human density, and the environmental factors road density,
percentage of paddy ﬁeld and percentage water sources (swamp,
dyke, pond). Furthermore, for human cases the number of poultry
outbreaks in a district was used as a risk factor. Population
densities and environmental risk factors were obtained from
Statistics Indonesia and the Provincial Livestock Ofﬁce. The poultry
population is the average of the total number of poultry (layers,
broilers, backyard (domestic) chickens) from January 2005 to
December 2007 in the districts. We calculated poultry density by
dividing the poultry population with the surface area (birds/km2),
and human density by dividing the average of the human
population from January 2005 to December 2007 with the surface
area. Road density (km/km2) is the total length of all paved roads
(national and local, irrespective of their class and condition) in a
district, divided by the surface area. The paddy ﬁeld and water
source percentages are the percentages of those areas within each
district.
2.2. Analysis of factors associated with H5N1 outbreaks
Poisson regression through generalized linear modeling was
used to relate the number of poultry outbreaks (or the number of
human cases) to the risk factors, corrected through an offset
parameter for the population sizes of poultry (or humans). We
further accounted for over-dispersion for the number of poultry
outbreaks, as one outbreak can lead to other outbreaks due to local
transmission. The Poisson regression model was formulated as log
(Y) = log (N) + b0 + b1X1 + b2X2 + . . . Here, Y denotes the expected
number of poultry outbreaks (or human cases), N the poultry
population (or human population), Xi the variables tested, bi their
coefﬁcients, and log (N) is the offset. Furthermore, variance
(Y) = tY, where t is the scale parameter that reﬂects the degree ofover-dispersion. The value of t was estimated at 13.4 for poultry
outbreaks, reﬂecting a high degree of over-dispersion. For human
cases t was equal to the default value of 1.0, indicating no over-
dispersion.
For the demography and environmental risk factors the model
was tested using the data for all years combined. Only for
associating the number of human caseswith the number of poultry
outbreaks did we use the data per year and therefore needed to
correct for dependency of repeated measurements from the same
district. This was done by generalized estimating equations (GEE),
using district as the random factor. The antilog of the estimated
coefﬁcients bi corresponds to the relative risk (RR). First univariate
analysis for each variable was conducted, and those with a
signiﬁcance level p < 0.10 were included in a multivariate model,
maintaining factors with p < 0.05 through a logistic regression
backward stepwise method. We performed all data analyses with
SPSS 16 (SPSS Inc., Chicago, IL, USA).
3. Results
From the beginning of 2003 to the end of 2008, a total of 794
HPAI outbreaks in poultry were encountered in 24 of 25 districts.
The human HPAI cases were ﬁrst detected in 2005, and from the
beginning of 2005 to the end of 2008, 34 cases were found in 12
districts. Fig. 1 illustrates the pattern of poultry outbreaks over the
last 4 years and shows the association with the number of human
cases. From this ﬁgure, we can observe that in the districts where
poultry outbreaks occurred, therewas the tendency to have human
cases as well. From 2005 to 2006, there was a sharp increase in
both human HPAI cases and poultry outbreaks. From 2006 to 2007,
the number of poultry outbreaks and human cases decreased.
However, there was another increase from 2007 to 2008.
Table 1 shows that the number of poultry outbreaks was
univariately associated with poultry density, human density, road
density, and percentage of swamp, dyke, and pond (all showing p<
0.05); the association with paddy ﬁeld was borderline signiﬁcant
(p = 0.065). In the multivariate model, however, only two factors
remained: poultry density and road density. The number of poultry
outbreaks was negatively associated with poultry density (Fig. 2).
An increase of 1000 poultry per square kilometer reduced the risk
of an outbreak in poultry by about 29%. For road density, an
increase of one unit (km/km2) increased the risk of poultry
outbreaks by about 67%.
We also found that poultry density squared was signiﬁcantly
associated with the number of poultry outbreaks. However, Fig. 2
shows that a polynomial curve mainly showed a better ﬁt because
of one outlying observation. We therefore maintained the linear
association in our analyses.
As expected, the number of human cases was positively
associated with the number of poultry outbreaks (p = 0.019).
However, no environmental risk factorwas signiﬁcantly associated
with the number of human HPAI cases (Table 2). Every increase of
one poultry outbreak per poultry population increased the risk of
human HPAI cases by about 34%.
4. Discussion
We found that two risk factors – poultry density and road
density – had a statistically signiﬁcant correlationwith the number
of HPAI outbreaks in poultry. The number of poultry outbreaks had
a negative association with poultry density (29% effect) and a
positive association with road density (67% effect). The number of
human cases was signiﬁcantly associated with the number of
poultry outbreaks, but with none of the other risk factors
considered.
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with an increase in poultry density, as was found in another study.5
The reason may be that the highest poultry population densities in
Indonesia are found in areas with industrialized farms that have
[(Fig._1)TD$FIG]Fig. 1.Map showing the number of highly pathogenic avian inﬂuenza (HPAI) H5N1 case
(indicated as color gradient) in 25 districts (including nine cities, which are regarded agood management practices, such as biosecurity and vaccination
programs.12,13 In the Indonesian areas with low densities,
backyard chicken farming is commonly practiced. Backyard
chicken farming is associatedwith poor sanitation and biosecurity,s in humans (indicated by the numbers) and the number of HPAI poultry outbreaks
s separate districts) in West Java Province, Indonesia, from 2005 to 2008.
Table 1
The association between the number of highly pathogenic avian inﬂuenza outbreaks in poultry and various risk factorsa
Risk factors (unit) Univariate analysis Multivariate analysis
Effect (%) Crude RR (95% CI) p-Value Effect (%) Adjusted RR (95% CI) p-Value
Poultry density (1000/km2) 24.5 0.75 (0.65–0.87) <0.001 28.5 0.71 (0.62–0.81) <0.001
Human density (1000/km2) 23.4 1.23 (1.13–1.34) <0.001
Road density (km/km2) 47.3 1.47 (1.25–1.73) <0.001 67.2 1.67 (1.44–1.93) <0.001
Paddy ﬁeld (%) 1.4 1.014 (1.000–1.029) 0.065
Swamp, dyke, pond (%) 4.6 0.954 (0.911–0.999) 0.045
RR, relative risk; CI, conﬁdence interval.
a The results were obtained by Poisson regression through generalized linear modeling of the data from 25 districts in West Java Province, Indonesia, combined over the
years 2003–2008.
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HPAI virus.12 However, this explanation is not in accordance with
ﬁndings from Thailand, where signiﬁcantly higher risks of
outbreaks and infections were found in large-scale commercial
poultry operations as compared to backyard ﬂocks.14,15 Another
explanation could be the transportation of the live (sick) birds from
high to low poultry population density districts. Several districts in
West Java import live poultry from other areas within or outside
the province. When outbreaks in poultry occur, it will affect many
chickens in the same location, which either will die or become
subclinically infected. To avoid loss of money, the owner may
decide to sell the live (subclinically infected) chickens as soon as
possible. This situation might more likely have happened with
commercial farmers who raise large numbers of poultry.
As in previous studies,8 road density contributed to the spread
and maintenance of the HPAI virus in West Java Province.
Transportation in this province is very important for distributing
manufactured products and raw materials to other regions in the
country, even to very isolated areas.16 Road density is a risk factor
because the virus spreads through transportation of infected live
poultry,17 poultry products, and other infected materials. During
transportation, the birds are caged in poor biosecurity conditions.
Usually such transport is over busy roads with intensive
interaction with other poultry.[(Fig._2)TD$FIG]
Fig. 2. The association of the number of HPAI outbreaks in poultry per million poultry pop
the observed numbers in 25 districts. One district (Ciamis) had no poultry outbreaks, whi
regression through generalized linear modeling, using poultry density as univariate fac
represents a second order polynomial: y = 106  exp (9.990 – 0.581x + 0.028x2).Even though poultry outbreaks and human cases are highly
associated,4,18,19 none of the risk factors for poultry outbreaks was
a signiﬁcant predictor of human cases. The low number of human
cases, affecting the power of analysis, may explain this unexpected
ﬁnding. This is supported by our regression results showing that
poultry density, human density, and road density have the same
positive or negative effect for both our outcome variables (poultry
outbreaks and human cases), even though for human cases it was
far from signiﬁcant.
In the multivariate model of our analyses, it appeared that
human density, paddy ﬁeld, and water sources (swamp, dyke,
pond) were not signiﬁcantly associated with poultry outbreaks, in
the presence of the variable road density. The signiﬁcant univariate
results of human density and paddy ﬁeld (borderline signiﬁcant)
were caused by a correlationwith road density. Furthermore,when
we added human density to the multivariate model, road density
became less signiﬁcant, which suggests that human density can
replace road density. However, a multivariate model with human
density instead of road density resulted in a poorer overall
performance. This suggests that road density was the main
explanatory factor and not human density.
Previous studies of HPAI outbreaks in poultry have suggested
that several risk factors are involved in the spread and mainte-
nance of this virus. For example, it was shown that areas with freeulation with poultry density inWest Java Province, Indonesia. The markers indicate
ch was in the ﬁgure included as 0.5 outbreaks (square). The lines result from Poisson
tor. Gray represents a linear association: y = 106  exp (10.599 – 0.281x). Black
Table 2
The association between the number of highly pathogenic avian inﬂuenza H5N1 human cases and various risk factorsa
Risk factors (unit) Effect (%) Crude RR (95% CI) p-Value
Number of poultry outbreaks 33.9 1.34 (1.05–1.71) 0.019
Poultry density (1000/km2) 4.3 0.96 (0.82–1.12) 0.59
Human density (1000/km2) 1.6 1.02 (0.78–1.32) 0.91
Road density (km/km2) 8.0 1.08 (0.62–1.88) 0.78
Paddy ﬁeld (%) 0.0 0.99 (0.97–1.03) 1.00
Swamp, dyke, pond (%) 2.9 0.97 (0.89–1.06) 0.52
RR, relative risk; CI, conﬁdence interval.
a The result for the number of poultry outbreaks was based on Poisson regression using generalized estimating equations (GEE) based on the annual data for each of the 25
districts inWest Java Province over the period 2005–2008. The results for the other risk factors were based on Poisson regression through generalized linear modeling, using
the data per district combined over all 4 years. Only univariate results are shown.
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higher infection rates, which were strongly related to agricultural
land use and rice crop intensity.20 Nevertheless, in our study we
did not ﬁnd a signiﬁcant association between HPAI poultry
outbreaks and paddy ﬁeld. Poultry slaughter houses, ﬁghting
cocks, quail ﬂocks,6 vaccination status,13 and climate (speciﬁcally
annual precipitation)8 have also been found to be associated with
outbreaks in poultry. These factors could be potential risk factors
for the spread andmaintenance of HPAI virus inWest Java Province
as well. However, we could not conﬁrm these results since we did
not have the necessary data.
Our study in West Java Province conﬁrmed that exposure to
(infected) poultry was the main route of infection in humans.
Therefore, persons who are in close contact with poultry (poultry
workers, poultry transport and slaughtering workers, cullers, etc.)
should be considered at high risk of virus transmission;21 most of
them have poor knowledge22 and awareness of HPAI infection.
Several preventive measures such as implementing vaccination,
sanitation, and wearing personal protective equipment (PPE) have
been recognized to be effective in reducing the transmission of the
virus. Unfortunately, in traditional communities, implementing
sanitation andwearing PPE are not feasible, and no vaccine against
highly pathogenic H5N1 is presently available.12
Two remaining factors – poultry density and road density –
were important for the spread and maintenance of HPAI virus in
West Java Province. These two factors are not directly associated
with human HPAI cases, but have their effect indirectly through
poultry outbreaks. We suggest emphasizing the interventions
concerning these two factors in the poultry sector. Our ﬁnding of a
higher risk in low poultry density areas, i.e., areas with mainly
backyard chicken farming, calls for targeted preventive measures
to this sector in the ﬁrst place, for example by implementing
proper vaccination, promoting biosecurity, and avoiding the
interaction between domestic chickens and ducks (or other water
and wild birds) by fencing areas of the farm. To prevent the spread
of HPAI virus from one area to another, control and restriction in
the transportation of live poultry should be undertaken, such as
safe transport of live poultry (clean and disinfected transport
vehicles and cages) and improving the currently available border
area check points.23 Providing slaughter houseswith good facilities
in the areas of high poultry population could also be feasible to
reduce the transportation of live poultry.
From our study, it becomes clear that the most effective way to
prevent human HPAI cases is to intervene directly in the poultry
sector. Our study further suggests that implementing preventive
measures in backyard chicken farming and limiting the transport
of live poultry and their products are promising options to this end.
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